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Abstract: A combined quantum mechanical (QM)-polarized docking and molecular dynamics approach to study
the binding mode and to predict the binding affinity of ligands acting at the a4b2-nAChR is presented. The results
obtained in this study indicate that the quantum mechanical/molecular mechanics docking protocol well describes
the charge-driven interactions occurring in the binding of nicotinic agonists, and it is able to represent the polariza-
tion effects on the ligand exerted by the surrounding atoms of the receptor at the binding site. This makes it possible
to properly score agonists of a4b2-nAChR and to reproduce the experimental binding affinity data with good accu-
racy, within a mean error of 2.2 kcal/mol. Moreover, applying the QM-polarized docking to an ensemble of nAChR
conformations obtained from MD simulations enabled us to accurately capture nAChR-ligand induced-fit effects.
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Introduction
Computational methods have become an important and essential
part of the process of lead finding and optimization. Different
methodologies are currently exploited to address the drug-design
step, and they can be categorized as either ligand- or structure-
based depending on the information available. The growing
number of protein structural data has pointed to structure-based
technologies as a pivotal tool for the design of small molecules
tightly binding at their target. The structure-based approaches
are mainly based on molecular docking techniques which are
aimed at finding the proper orientation of a ligand bound to its
biological counterpart (posing step), and to evaluate the poses
generated by docking in terms of binding free energy of the
protein-ligand complex formation (scoring step). Most docking
protocols take into account flexible ligand in a rigid-receptor
environment and use scoring functions that are not able to cap-
ture all the essential elements involved in a complex equilibrium
between ensembles of solvated species such as ligands and
receptor in their bound and unbound states.
The problem of induced-fit effects in molecular docking
calculations can be addressed using several computational
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